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Introduction

QCD factorization theorem for Deeply Virtual Compton
Scattering (DVCS) and for Deep Exclusive Meson
Electroproduction (DEMP) on any hadronic target →
universal Generalized Parton Distributions (GPDs).

GPDs are more general than elastic FFs and PDFs.

GPDs contain information on 3D distributions and
correlations of partons in the target.
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Introduction

Three roles of DVCS and DEMP on nuclear targets:

To give information on GPDs of the nucleon complimentary to
experiments on H

To access novel nuclear effects not present in DIS on nuclear
targets

To test theoretical models of the nuclear structure
(relativistic effects are important for GPDs)
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Complementarity of nuclear DVCS

Coherent DVCS on any nucleus at small t → test of models
of GPDs of the proton and the neutron

DVCS on light nuclei of D and 3He at large t → GPDs of the
neutron

DEMP of pseudoscalar mesons on 3He → GPDs of the
neutron

DEMP of pseudoscalar mesons on D → non-pole
contribution to GPD Ẽ
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Novel nuclear effects in nuclear DVCS

DVCS on heavy nuclei (20Ne, 84Kr) → role of non-nucleon
(meson) degrees of freedom

DVCS on heavy nuclei at large energies (ξ < 0.1) → nuclear
shadowing and antishadowing effects for the real and
imaginary parts of the DVCS amplitude
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Convolution approximation for nuclear GPDs

Currently, all models of nuclear GPDs rely on the convolution
approximation "borrowed" from nuclear DIS.
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γ
γ

NN

AA
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Hq
A(x , ξ, t) =

∑

N

∫ 1
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y
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y
, t)

Hi/A off-diagonal distribution of nucleons in nucleus

Hq
i free nucleon GPD
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Convolution approximation for nuclear GPDs

The convolution approximation for nuclear GPDs

Gives correct expression for the forward limit of Hq
A

(baryon number and momentum sum rules)

Reproduces the nuclear form factor

BUT: In general, violates polynomiality of Hq
A , even if Hq

N obey
polynomiality

HOWEVER: Polynomiality violation ∝ 0(p2/mN), which is the
accuracy of the convolution approximation
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DVCS on Deuteron

Deuteron with J = 1 has nine twist-2 quark GPDs

Vλ′λ =

∫

dk
2π

eix2P̄·n〈P′, λ′|ψ̄(−kn)n̂ψ(kn)|P, λ〉

=

5
∑

i=1

ǫ′∗βV (i)
βαǫ

αHi(x , ξ, t)

Aλ′λ =

∫

dk
2π

eix2P̄·n〈P′, λ′|ψ̄(−kn)n̂γ5ψ(kn)|P, λ〉

=

4
∑

i=1

ǫ′∗βA(i)
βαǫ

αH̃i(x , ξ, t)

H1,2,3 and H̃1,2 related to deuteron FFs

H1,5 and H̃1 related to deuteron PDFs
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Convolution approximation

V q
λ′λ =

2
16π3

∫

dαdα′d~p1⊥d~p′

1⊥

√

1 + ξ

1 − ξ

1√
αα′

δ2(~p′

1⊥ − ~p1⊥ − ∆⊥)δ(α′ − α(1 + ξ) − 2ξ
1 − ξ

∑
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, λ′1, λ2)χλ(α,~k⊥, λ1, λ2)

1
2

∫
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2π

〈p′

1, λ
′

1|ψ̄q(−k
2

n)n̂ψq(
k
2

n)|p1, λ1〉

χλ deuteron light-cone wf (obtained from NR wf)
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DVCS on Deuteron

Predictions for Deuteron GPDs
Q2 = 2 GeV2, ξ = 0.1 and t = −0.25 GeV2

For Hq
N : double distribution model with factorized t-dependence
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DVCS on Deuteron

Predictions for the DVCS cross section

Solid – deuteron; dashed – proton
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DVCS on Deuteron

Predictions for DVCS beam-spin asymmetry ALU

E = 6 GeV, Q2 = 2 GeV2 and x = 0.2

ALU = a0 + s1 sin φ + s2 sin 2φ
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DVCS on Deuteron

Predictions for DEMP on Deuterium

Production of pseudoscalar mesons (both neutral and charged) is
suppressed due to I = 0 of Deuteron (the pion pole thru nucleon
GPDs Ẽ does not contribute)
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DVCS on Deuteron

The convolution approximation takes into account graphs a
and b

Neglect of graph c leads to (numerically small) violation of
polynomiality

It is a theoretical challenge to restore polynomiality for
nuclear GPDs!
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Convolution approximation

Hq
A=3(x , ξ, t) =

∑

N

∫ 1

x

dz
z

h3
N(z, ξ, t)Hq

N(
x
z
,
ξ

z
, t)

h3
N(z, ξ, t) =

∫

dE
∫

d~pP3
N(~p, ~p + ∆)δ(z + ξ − p+

P̄+
)

P3
N off-diagonal nuclear spectral function.

P3
N is a result of rather involved numerical calculation using

the exact wf of 3He and exact two-nucleon wf.
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Predictions for 3He GPDs

Rq(x , ξ, t) =
Hq

A=3(x , ξ, t)

2Hq
p (x , ξ, t) + Hq

n (x , ξ, t)

ξ = 0, 0.1 and 0.2
Toy model for Hq

N without Q2-dependence
No predictions for DVCS observables (yet)
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Predictions for DEMP on 3He

π0 production at small t

dσ(γ∗L +3 He → π0 +3 He)/dt = dσ(γ∗L +n → π0 +n)/dt FA=3(t)

π+ production at small t

dσ(γ∗L+3He → π++3H)/dt = dσ(γ∗L +p → π++n)/dt FM,A=3(t)
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Interpolation between the coherent and incoherent DVCS
Explanation of the non-enhancement of ALU observed at
HERMES
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Analysis of meson degrees of freedom in DVCS observables
Confirmation of the fast A-dependence of the nuclear D-term
Predictions of DVCS asymmetries relevant for the HERMES
nuclear DVCS data
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Model of nuclear GPDs including effects of nuclear shadowing
and antishadowing
Predictions for the real and imaginary parts of the DVCS
amplitude at small ξ

Observation of very unusual behavior of the real part of the
DVCS amplitude
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Conclusions

Nuclear DVCS allows us

to obtain information on GPDs of the nucleon, which is
complimentary to that obtained from DVCS on the hydrogen
target

to study novel nuclear effects not present in DIS on nuclear
targets (associated with the real part of the DVCS amplitude)

to test theoretical models of the nuclear structure
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Discussion

Nuclear DVCS and GPDs to do list (theory):

GPDs of 4He

Nuclear shadowing and antishadowing for nuclear GPDs
using the dual parameterization of nucleon GPDs

Deuteron GPDs with polynomiality
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